Introduction
The Multidrug Resistance Protein 1 (MDR1/P-gp) belongs to the ABC (ATP-binding cassette) transporters family which includes 48 members in human. 1, 2 This efflux pump can exclude several substances such as medical drugs from cells. Consequently, its role has been largely investigated in cancer cells owing to its contribution in chemotherapy resistances. 3, 4 Physiologically, MDR1 is expressed in several tissues (intestine, colon, placenta, liver, blood brain barrier) where it plays a protective role by reducing the accumulation of xenobiotic molecules in sensitive organs or cells. In addition, MDR1 is also involved in secretion processes as it allows the release of lipid molecules, such as steroid hormones and corticoids, 5, 6 but also peptides like amyloid-β. 7 Over the last decade, several studies have shown the expression of MDR1 in immune cell subsets at different levels and the importance of its expression as well as its functionality to achieve different cellular processes. Nevertheless, MDR1 expression in specific immune cells can influence the treatment of autoimmune diseases and HIV patients. In the context of tumors, the expression of MDR1 on different immune populations could be an advantage as it will confer them resistance to chemotherapy as described for cancer cells, and thereby limit the corresponding immune suppression of these compounds.
In this review, we briefly describe the already well detailed structure of MDR1 and give and overview on current knowledge about its substrates and regulators, with a specific interest for immune modulating drugs. We then focus on the expression and functionality of MDR1 in the different human innate and adaptive immune cell subsets. Finally, we discuss the concerns of MDR1 expression on immune populations when considering treatment options in various pathologies with immune cell deregulations.
Part I: molecular biology of MDR1
Studies carried out on MDR1 during these last decades allowed to better understand the functionality and regulation of this transporter. This was achieved using structure modelling, substrate identification and the use of specific inhibitors.
1-Gene and protein structure MDR1 is encoded by the ABCB1 gene, consisting of a 210 kb region with 29 exons, located on chromosomal region 7q21 that contains also the ABCB4 gene, coding for MDR2/ 3 implicated in phosphatidylcholine transport. Its transcription gives rise to 4 mRNA variants, translated, for three of them, into a single protein of 1280 amino acids. 8 At the protein level (Figure 1 ), MDR1 is formed by a single 170 kDa monomer of 12 transmembrane domains (TMs), glycosylated on its first extracellular loop (between TM1 and 2).
1,2 Two distinct cytoplasmic ATP binding sites, respectively located on the loop between the TMs 6 and 7 and after the TM 12, work alternatively and cooperatively to efflux the substrate. 9 Due to the conformational arrangement of its TMs in two pseudo-symmetric bundles of six helices, with the TMs 1-3,6,10,11 and TMs 4,5,7-9,12, having each one nucleotide binding domain, MDR1 forms an active pore.
10 Directed mutagenesis performed on the different TMs of MDR1 revealed the implication of different residues on the TMs 1, 5, 6, 11 and 12 in substrates recognition (Figure 1 ). However, the interaction domains of MDR1 with its different substrates are variable and depend on both their nature and conformation. For instance, the F335A mutation on TM 6 induces a decreased efflux of actinomycin D and vinblastine without modulation of the transport of doxorubicin and colchicine.
2-Substrates and inhibitors
MDR1 effluxes a large variety of molecules differing in their chemical structure (cyclic, linear, charged or not, hydrophobic, aromatic) as well as their molecular weight (250 to 4000 Da). 1 We find some endogenous compounds like amyloid-β, steroids and platelet-activating factor (PAF) [5] [6] [7] 14 but mainly a very large number of therapeutic drugs (Table 1) . 15 However, two other important ABC transporters, Breast Cancer Resistance Protein 1 (BCRP-1) 16 and Multidrug Resistance Protein 1 (MRP-1), 17 have also been implicated in chemotherapeutic resistance with a partially shared substrate specificity with MDR1 (Table 1) . Polymorphisms of ABCB1 can also modify the efflux capacities of various substrates. Among the 1816 Single Nucleotide Polymorphisms (SNPs) described, only 566 give rise to missense mutations. In the literature, 3 SNPs (C1236T, G2677T/A and C3435T) well described due to their relative high frequency 18 have been extensively studied in different pathological contexts. In kidney-transplanted patients, C3435T polymorphism has an impact on the efficacy of the immune suppressant tacrolimus due to a decrease of intestinal drug absorption 19 but also immunosuppression resistance of CD4 + and CD8 + T cells, observed on patients with TT genotype. 20 Other associations with specific pathologies have been established and are reviewed further in this review (cf. Part III-auto immunity and HIV).
Owing to MDR1 capacity to induce chemotherapeutic resistance on cells expressing it, many studies investigated MDR1 inhibitors. These have been classified into three generations according to their specificity and toxicity. The first generation of MDR1 inhibitors act as competitive inhibitors, such as the immunosuppressive cyclosporin-A and the calcium channel blocker verapamil. However, because of the high and potentially toxic serum concentration required for complete MDR1 inhibition, these poor specific inhibitors were quickly abandoned for this use. The second generation of inhibitors, such as valspodar (PSC833, cyclosporin-A analogue), possess high affinity for MDR1 and inhibit also other ABC transporters and the cytochrome P450-3A4 (CYPA4) involved in drug metabolism.
More recently, a third generation of inhibitors, with increased specificity to MDR1 and lower toxicity, has been developed in which we can quote elacridar (GG918) and tariquidar (XR9576). 21 Nevertheless, new studies show that most of these recent inhibitors also inhibit BCRP-1 or MRP-1 to a certain extent. Zosuquidar (LY335979), that reached phase-III clinical trials to improve acute myeloid leukaemia (AML) treatment, possesses the highest specificity and efficiency. 22, 23 The development of a fourth generation of inhibitors, even more specific and with lower toxicity, based on the use of natural products is still ongoing. 24, 25 Other approaches to inhibit MDR1, like the use of the monoclonal antibodies (mAb) MRK-16 26 or UIC2, 27 have also been evaluated. However, UIC2 mAb inhibits only partially membrane expressed MDR1, due to its recognition of a conformational epitope only fully revealed in the presence of cyclosporin-A or valspodar. 28 Moreover, the systemic use of such inhibitors should be cautious regarding their possible side effects, especially because of the important role played by MDR1 at the organism barrier sites to preserve sensitive organs from xenobiotics.
3-Regulation
In cancer cell lines, MDR1 is regulated at different levels. 4 Several studies have suggested the ability of PKC and PKA to increase the functionality of MDR1 or its membrane integration. 29, 30 Other studies showed that the preferential localization of MDR1 in the lipid rafts and caveolae, characterized as detergent resistant membranes (DRM), is required for its functionality. 31, 32 Indeed, cholesterol depletion that disrupts lipid rafts, abolishes membrane MDR1 localization and is associated with reduced efflux capacities. 33, 34 Hypoxia can also induce MDR1 expression through the Hypoxia Inducible Factor 1α (HIF-1α) that binds the promoter of ABCB1 and activates its transcription. 35 The modulation of glucose levels and the oxidative stress also induces HIF-1α and MDR1 expression. 36, 37 MDR1 is also regulated at RNA level by micro RNAs (miR) such as miR-145, miR-27a and miR-331-5p that bind directly the 3ʹUTR of ABCB1 mRNA to decrease MDR1 expression. 38, 39 Some other miR (miR-137) indirectly decrease MDR1 expression by targeting the YB-1 transcription factor that upregulates MDR1 expression by fixation on ABCB1 promoter. 40, 41 Only few studies have been interested in MDR1 regulation on immune cells, and this will be developed in Part II.
4-MDR1 in animal models
Even if MDR1 is highly conserved during evolution, animal models do not completely reflect human organization of the locus coding for this transporter. Indeed, in mouse, Mdr1 is encoded by 3 genes (Mdr1a (Mdr3), Mdr1b (Mdr1), Mdr1c (Mdr2)) that code for Mdr1a, Mdr1b and Mdr1c respectively.
Only Mdr1a and Mdr1b confer multidrug resistance while Mdr1c displays the same function as the human MDR2/3. 42 Even if the sequences of these two proteins are relatively similar to the human MDR1, Mdr1a and Mdr1b do not share the same substrates. Consequently, this should be taken into account when analyzing experiments evaluating drug effects or MDR1 inhibitors in mice.
Comparing of Mdr1a −/-and control mice enables also to evidence that Mdr1a modulates the functions of intraepithelial lymphocytes (IEL) in the small intestine. Indeed, lack of Mdr1a expression on these cells alter their proliferative capacity and their cytokine production (IL-2 and IFN-γ) in vitro.
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−/-mice also display a decreased regulatory T cells frequency (Treg) in the intestine, resulting from a reduction of induced Treg (iTreg) development from naïve CD4 + T cells upon exposure to TGF-β. 44 Part II-MDR1 expression and function in immune cell populations MDR1 is expressed by many immune cell types with functional consequences on their migration, differentiation, survival, or cytotoxic function. Molecular and cellular analyses of MDR1 expression in peripheral mononuclear cells show expression at high levels on NK cells and B cells. It is also present at the membrane of CD4 + and CD8 + T cells and Table 1 . Substrates of MDR1 classified according to their use and chemical origins. Family and mode of action is specified for anti-tumor drugs substrates of MDR1. The substrates known to act as MDR1 inhibitors are in bold, substrates shared with BCRP-1 are mentioned with (*) and substrates shared with MRP-1 are designated with (°). recent studies highlight a tight association between MDR1 expression and the differentiation of specific T cell subsets. It is also found in some resident dendritic cell (DC) populations as well as in macrophages (Mφ) but not in monocytes. Thus, MDR1 plays determinant roles in all these subsets ( Figure 2 ).
1-Innate immunity
a Monocytes/Mf. Monocytes express low ABCB1 mRNA levels correlated with a limited capacity to excrete Rhodamine 123 (Rh123) substrate. 45 This expression is increased in monocyte-derived Mφ but not homogenously between Mφ subtypes with higher expression by M2-Mφ than M1-Mφ. 46 Cytokines content in the inflammatory environment can also influence MDR1 expression in Mφ. Indeed, using THP-1 cell line, Liu et al. demonstrated the upregulation of ABCB1 by soluble factors including IL-6, TNF-α, IL-17, IL-1β and LPS. 47 IFNγ has also been shown to increase MDR1 expression in monocyte-derived Mφ, the mechanism underlying this upregulation remains however still unknown. 48 b DC. Many DC subtypes including Langerhans cells and monocyte-derived DC (MoDC) express varying MDR1 levels. Functionally, MDR1 is especially required for efficient DC maturation. Indeed, MDR1 blockade with valspodar during DC differentiation inhibits their maturation, impairing their acquisition of activation markers like CD80 or CD40 as well as their IL-12p70 secretion capacity. 49 Furthermore, under hypoxia, MDR1 is expressed at higher level on mature DCs (DC-Lamp + ) compared to immature ones, also suggesting a role in the maturation of iDCs and modulation of its function by hypoxia. MDR1 is also required for DC migration as it mediates the production of an unidentified substrate triggering a migration signaling. 50 The MDR1 inhibitor verapamil was shown to specifically upregulate MDR1 expression in both MoDC and Mφ 51 whereas no such effect has been described on immortalized hematopoietic cell lines or T cells. c NK cells. Several studies conducted in the late 90's reported high expression of MDR1 on NK cells. It was also shown to be highly functional on these cells based on Rh123 assay. 52 Inhibition with verapamil decreases their cytotoxic functions in a dose dependent manner. 53 MDR1 might indeed influence the intracellular pH in NK cells and thereby their cytotoxic function. 54 Using cardiac drugs (AHC-93 and nicardipine) that are also MDR1 inhibitors, Takahashi et al. reported that in NK cells, MDR1 controls secretion of cytotoxic granules without modifying their Fas-mediated cytotoxicity. 55 These studies, however, rely on the use of unspecific first generation MDR1 inhibitors, and further studies with more specific inhibitors could help decipher its roles in NK cell biology. 62 A recent study also suggests that MDR1 is also selectively expressed by Teff bearing the lectin-like receptor CD161. 63 When analyzed in detail, it appears that this CD161 + Rh123 low (as a surrogate marker of MDR1) population has strong Th1.17 characteristics and that its high MDR1 expression could contribute to their long-term life span among virus-specific antigen memory T cell pool. This polyfunctional Teff population co-producing IFN-γ and IL-17A and co-expressing MDR1, CD161 and CD73 might therefore be an interesting therapeutic target to modulate their pro-inflammatory features in auto-immune and tumor context.
2-Adaptive immunity
Functional impact of MDR1 expression on CD4 + T cells. In CD4 + T cells, MDR1 seems to endorse several functions. It notably plays a role in their survival as shown in in vitro models of leukemic T cells made sensitive to caspase-dependent apoptosis after exposure to verapamil or anti-MDR1 mAb. 64, 65 An alleged role for MDR1 in cytokine secretion by T lymphocytes was also suggested although it is not yet welldefined. Indeed, a study evidenced that this transporter is possibly involved in the export of several cytokines including IL-2, IL-4 and IFNγ 66 whereas the use of MDR1-deficient mice didn't display IL-2 production defects, nor did human T cell lines KO for MDR1 expression. 67 Two major components of a chronically inflamed environment, detected in autoimmune disorders (IL-2 and fragmented hyaluronan), have been characterized as efficient activators of MDR1 expression by CD4 + T cells. 68, 69 Considering this, recent works have proposed MDR1 blockade as a therapeutic strategy in autoimmune disorders or to limit allograft rejection.
ii. CD8 + T lymphocytes. Contrary to CD4 + T cells, most CD8 + T cells exhibit a functional MDR1 identified by Rh123 assay, independently from their differentiation stage but with a significant association to their CD73 expression (unpublished data). However, several studies have shed light on specific CD8 + subsets expressing particularly high MDR1 levels in line with their functions. Recent work suggests that MDR1 is expressed in the bone marrow by a quiescent population of early memory CD8 + T cells that proliferates efficiently in vitro in presence of viral peptides. 70 Turtle et al. also reported a memory CD8 + T cell subset (IL18Rα  + CD161   +   CD62L   ± ) with high MDR1 expression endowed with stem cell properties and able to withstand high doses chemotherapy. 71 Recently, the expression of MDR1 has also been reported on circulating "young memory" cells (T YM ) distinct from T CM and T EM , expressing CD73, CXCR3 and with a marked ALDH1 activity that could relate to cells with self-renewal properties able to survive high dose chemotherapy. 72 Like NK cells, it has been shown that high MDR1 expression on CD8 + T cells can contribute to their cytotoxic function 73 although no validating data have been published with recent tools available for MDR1 function study. Furthermore, there are no report of MDR1 inhibition affecting the pattern of cytokines secreted by CD8 + T cells in contrast to that described by some teams on CD4 + T cells.
iii. Mucosal tissue associated T cells. A CD161 int MDR1
hi memory CD8 + T cell population was described as enriched in the gut, and caught up interest in the case of autoimmune Crohn disease (CD) and ulcerative colitis (UC) treatment strategy. 74 In addition, xenobiotic resistance of mucosal-associated invariant T cells (MAIT) CD8 + T cells (TCR Vα7.2 + ) has been associated to their MDR1 expression. These MAIT also express high levels of CD161 and secrete IL-17A or both IFN-γ and IL-17A, displaying Tc17 and Tc1.17-like phenotypes. 75 Together with data discussed on CD4 + Teff, these results suggest a common regulation of CD161 and MDR1 in T cells and a common pathway of development and related functions. CD4 + and CD8 + T cells expressing CD161 might indeed share closer similarities in their respective ontogenic pathways than CD161 neg counterparts. 76 CD161 expression by T lymphocytes has also been linked to their capacity to secrete IL-17A. 77 MDR1 expression might therefore be required for their proper function and to preserve them from toxins and xenobiotics particularly abundant in the intestine. In this matter, a recent work from Cao et al. using Mdr1a −/-mice shows that MDR1 initially plays a protective role in the gut since tissue resident MDR1 expressing CD4 + Teff could resist better to bile acids and not induce inflammation while MDR1 neg T cells would favor it. 78 Indeed, CD4 + Teff from the ileum upregulate MDR1 expression in presence of bile acids to maintain homeostasis. First required as a protective mechanism for mucosal-associated T cells, MDR1 expression is therefore two-sided since it contributes to homeostasis but can become an obstacle to treatment in pathological contexts.
Part III-MDR1 expression on immune cells and its impacts in pathologies and therapeutic strategies
Since MDR1 is widely expressed throughout the immune system, multiple evidences suggest it contributes to modulate the action of some drugs as well as the response or resistance of patients to treatments in various pathologies. We review the known consequences of MDR1 expression on immune cells in several human systemic autoimmune disorders, as well as in the context of viral infection (HIV) and antitumor immune response.
1-Auto-immune diseases a Rheumatoid autoimmune disorders: rheumatoid arthritis (RA) and psoriatic arthritis (PsA). T cell hyper activation and resistance to Treg inhibition play a central role in rheumatoid autoimmune diseases including RA and PsA. In blood of RA patients with highly active disease, high MDR1 expression has been evidenced on memory B cells, involved in the physiopathology of the disease. 79 This strongly contrasts with the MDR1 expression restricted on naïve B cells observed in healthy donors. 57 The most commonly used treatments in RA and PsA rely on synthetic disease modifying anti rheumatic drugs (DMARDs) like methotrexate (MTX), sulfasalazine (SSZ), leflunomide (LEF) or glucocorticoids (GC). GC are substrates of MDR1 and have a direct influence on patient response over time. Moreover, increased MDR1 functionality on T cells from RA patients treated with prednisolone was reported in 1996. 80 It highlighted the role that MDR1 could play in resistance of T cells to DMARDs. Despite contradictory data in the literature, MTX is not a substrate of MDR1 but of MRP1. 81 Under MTX treatment, MDR1 expression might therefore not be a resistance factor but rather reflect disease activity. 82 Strategies combining drugs that are not substrates of MDR1 (e.g., MTX, infliximab) with MDR1 inhibition by tacrolimus partially restored response to treatment in refractory RA patients and decrease MDR1 expression on both T and B lymphocytes. 79 Recently, ABCB1 SNPs (G2677A/T, and less significantly C1236T and C3435T) have been associated with good prognosis in RA patients treated with GC since they reduce MDR1 function on B cells and to a lesser extent on other PBMCs, thus lowering GC resistance. 83 b Crohn's disease (CD) and ulcerative colitis (UC) Gut tissues are naturally enriched with Th17 and Th1.17, due to chronic exposure of T cells to many pathogens as well as to a pro-inflammatory cytokine-rich environment (IL-17A, IL-1β, TNF-α), stimulating their differentiation. A tolerance break induced by uncontrolled chronic stimulation of these immune cells is the starting point to UC and CD pathogenesis. Th17 and Th1.17 are particularly active in the pathogenesis of these affections and Ramesh et al. demonstrated, in CD patients, a MDR1 enrichment within Th1.17 that resist to GC treatment. 61 On the contrary, MDR1 loss of function was identified in a subset of patients with an aggressive form of ileal CD. 78 Therefore, MDR1 role is dual in this pathology. It plays a protective role at first, but its loss can lead to a breach in homeostasis and favor the disease progression. In other cases, where loss of homeostasis involves other mechanisms, MDR1 expression can favor the selection of treatment-resistant T cells thereafter active in the pathophysiology of the diseases. In addition, ABCB1 SNPs (G2677T/A and C3435T) are associated with refractory UC and CD and might play a role in the resistance of T cells to GC treatment. 84 Their good or poor prognosis could depend on the cases depicted above indicating that either MDR1 loss of function or over-expression can lead to the same phenotype depending on the pathophysiological mechanisms primarily involved. Altogether, these data related to MDR1 impact on disease course and treatment are strong arguments to personalized therapy for patients with autoimmune disorders. Efforts should also be done on the evaluation of MDR1 expression and function in the different immune subsets involved in autoimmune diseases to better understand the roles it can play in disease course and response to treatment.
2-HIV treatment and resistance
As described in Table 1 , MDR1 can exclude protease inhibitor (PI) used to treat HIV infected patients, thus conferring treatment resistances. 85 MDR1 polymorphisms, especially the T variant of the C1236T SNP, increase affinity for some PI resulting in a low intestinal absorption and an increased PI efflux by CD4 + T cells. 86 Moreover, PI concentrations in PBMC from HIV infected patients inversely correlate with mRNA levels of ABCB1 in the cells 85 , suggesting the implication of MDR1 in HIV treatment resistances.
The proportions of CD4 + and CD8 + T cells expressing MDR1 are higher in HIV infected patients than in healthy controls and seem to increase during the progression of the infection. Nonetheless, MDR1 functionality is reduced in HIV patients as illustrated by a higher intracellular accumulation of Rh123 compared to controls that is not altered by cyclosporin-A. 87 Furthermore, this altered MDR1 functionality is also observed on patients' NK cells as it increases with the progression of the infection and correlates with a decrease of their cytotoxic functions. 88 However, this impairment seems to be transient and shaped by the environment as the in vitro stimulation of these NK cells with IL-15 restores MDR1 functionality as well as NK cell cytotoxic functions. 89 In contrast, the increased MDR1 expression at transcriptomic and protein levels detected on CD8 + T cells in treated patients is associated with a better efflux capacity. 90 Concerning Mφ, M2-Mφ express higher MDR1 levels than M1-Mφ and their increased efflux of lopenavir favor the accumulation of latent virus. 46 Altogether, these data suggest that the evaluation of MDR1 expression on some immune subsets might be relevant to assess the state of disease development or guide the therapeutic option in HIV infected patients.
3-Anti-cancer drugs and impact on immune cells
In the cancer field, two scenarios can be distinguished when studying MDR1 expression and function on immune cells. Either the malignant cells are immune cells, originally expressing or not MDR1, or the immune cells infiltrate solid tumors from other tissue origin. We consider both cases showing the alternatives of treatment and the challenges it raises. a MDR1 expression in T leukemic cells, lymphomas and myelomas. Many immune cell types giving rise to hematological malignancies naturally express MDR1 as described previously (B cells, T cells, myeloid cells). Therefore, emerging hematological tumors are often resistant to chemotherapies e1499388-6 that are MDR1 substrates. AML or multiple myelomas (MM) patients displaying high MDR1 expression on malignant cells indeed show poorer response to many treatments compared to patients with lower MDR1 expression. [91] [92] [93] This natural expression by myeloid and lymphoid cells is also strengthened by oncogenic mechanisms inducing aberrant MDR1 reexpression on cell types normally MDR1 neg (e.g., memory B cells) such as Diffuse Large B Cell lymphoma (DLBCL) and Follicular Lymphoma (FL) or enhancing preexisting MDR1 expression (e.g., naïve and transitory B cells, monocytes). Indeed, upregulation of ABCB1 is related to hyper activation of the MAPK/ERK signal transduction pathway that activates YB-1 nuclear translocation and this amplification loop is increased in B-cell lymphomas. 94 To improve treatment efficacy, combination of MDR1 inhibitors with specific drugs have been tested, showing notably encouraging results in term of overall survival in patients with AML. 22, [95] [96] [97] Most of these studies used first or second generation inhibitors. The use of much more specific third or upcoming fourth generation inhibitors could allow to improve these results and decrease toxicities associated with combination treatments. Interestingly, MDR1-induced chemo-resistance in lymphoma cells can be overcome with anti-CD20 as well as anti-CD19 mAbs used in lymphoma therapy. In addition to their therapeutic effect based on complement-mediated and antibodydependent cell-mediated cytotoxicity, both mAbs, could increase chemotherapy efficacy, by limiting MDR1 activity as fixation to their target could favor MDR1 re-localization outside of the lipid rafts where it is much less efficient. 98, 99 More recently, PI substrates of MDR1 have also been used as unconventional competitive inhibitors in MM to improve efficacy of carfilzomib (proteasome inhibitor). 93 Understanding MDR1 regulation processes in normal and neoplastic immune cells therefore appears as an interesting lead to improve combination therapy options in hematological tumors and discover new molecules efficiently blocking MDR1 activity with limited side effects.
b MDR1 expression on immune infiltrate in tumors. MDR1 has been extensively studied on tumor cells along with the phenomenon of multidrug resistance. However, little is known on the role of MDR1 on the tumor immune infiltrate. Could MDR1 expression by specific lymphocytes or NK cells represent an interesting mechanism of shaping of the immune infiltrate in solid tumors? The data we report here suggest that all immune cells do not respond the same way when exposed to MDR1-sensitive drugs. It is therefore highly likely that the infiltrate will be shaped upon such treatment regimen.
Presence of MDR1 positive T cells in solid tumors infiltrates
Very few data are so far available on the evaluation of MDR1 expression by the immune infiltrate and its possible impact on immune cells survival in solid tumors. A recent study, conducted on advanced human colorectal cancer (CRC) tissues showed, a significant higher frequency of MDR1 + CD161 + T cells, considered mostly as MAIT cells by the authors, in the tumor tissue compared to adjacent healthy tissues. 100 In this matter, evaluation of MDR1 expression by immune subtypes should be more extensively investigated.
The hostile tumor micro-environment and its chemical composition must indeed shape the immune infiltrate, and MDR1 expression by anti-tumor immune cells may favor their preservation despite harsh environmental conditions. The immune infiltrate is also modulated by MDR1-associated anti-neoplastic agents, 90, 101 and evaluation of MDR1 level on immune cells could be an indicator of these treatments' effects.
Tumor-associated immune infiltrate could be skewed by the use of chemotherapies substrates of MDR1
It is expected that MDR1-expressing immune cells in the tumor microenvironment will resist better to MDR1-associated chemotherapies. The Th1.17 subset expressing high MDR1 level and also secreting pro-inflammatory cytokines,- 61, 62 appears as an asset in the anti-tumor immune response in contrast to its deleterious impact in autoimmune diseases. In long term chemotherapy treated AML patients, the nonmalignant CD4 + CD161 + MDR1 + T cells fraction is increased, and they conserve their anti-viral properties and display selfrenewal capacities. 63 In addition, we showed an enrichment in MDR1-positive cells within CD4 + CD73 + Teff infiltrating breast and ovarian carcinomas (unpublished data) that secrete anti-tumor cytokines (IFNγ, IL-17A, TNFα) ex vivo in the absence of adenosine or ATP/AMP. 62 In addition, we evidenced that this specific subset expresses very low level of inhibitory immune checkpoints like PD-1 and CTLA-4. This highly polyfunctional CD73 + MDR1 + Teff population might therefore be of interest in therapeutic approaches combining MDR1-associated chemotherapy and anti-CD73 targeting therapy to avoid adenosine production and potentiate proinflammatory response of this specific subset. Moreover, determining which IL-17A secreting immune cells express MDR1 in the tumor microenvironment could help solve the controversial role played by IL-17A in solid tumors. Enrichment of the specific Th1.17 subset at the tumor site subsequently to the use of MDR1-associated chemotherapy may indeed favor anti-tumor properties of IL-17A. We can also predict curtailment of the Treg frequency since their lack of MDR1 will increased their sensitivity to high doses of these treatments. Considering the Mφ, we can on the contrary expect a skewing towards pro-tumoral M2-Mφ upon high doses chemotherapy since they express higher levels of MDR1. NK cells are also key players in the anti-tumor immune response, and quantitative but also functional alteration of NK cells in primary and metastatic tumors have been evidenced. 102 Since NK cells were shown to express high levels of MDR1 in physiological context it would be worthwhile evaluating MDR1 expression on the NK infiltrate in tumor environment and determine if it correlates with tumor destruction or if therapeutic choices influence positively or negatively NK cell cytotoxicity.
In the case of poorly chemo-resistant tumors displaying low MDR1 activity like breast tumors, 103 the use of high doses of MDR1-associated chemotherapeutic agents, could therefore have a double advantage: it should be effective against tumor cells to a certain extent favoring the release of tumor antigens and could also induce the selection of immune subsets with interesting anti-tumor features (Th1.17, CD161 + CD8
+ T cells), while limiting MDR1 neg Treg expansion. However, one should keep in mind that this selection could also favor pro-tumor M2-Mφ expansion in the tumor since they express MDR1 at high level.
On the contrary, the use of MDR1 inhibitors in combination treatment of chemo-resistant solid tumors may help restore chemo-sensitivity of tumor cells but could in the same time impair critical anti-tumor T cell populations. Changes induced by such treatment on immune infiltrate must especially be considered in the therapeutic strategy to anticipate variations of the immune players at the tumor site to try to achieve the most efficient anti-tumor response.
